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The applicatiion of sinple sampling procedures,to gust data obtained 
frcm the P-61 thunderstorm flights at Orlando, iFla. indicates that the 
observed values of the maximum effective gust velocit ies are, on the 
avemge, f'unctiom of the record bfs,$auce of blond eumey. The 
relationship determined for these data betwen  the nraxirmua effective 
gust  velocitg and record distance is  sueful for making similar data 
gust  velocity and reccrd aietasce is uasf'ul f o r  making similar data 
of smaller extent directly comparable. 

Flight  investigations have yielded considerable data on the 
s t m c t m  and intensfty of atmospheric g u s t s .  In  the analy6is of these 
data,  an  important problem f o r  many p q o s e s  has been the determination 
-of a re la t ive  m a s u r e  of gust   inteneity  for the atmospheric cdaditions 
investigated. For the fl ight  investigations of cwmxlus-cangestus and 
cmulo-nimbus cloude, a measure of guet inteneity extensively ueed is  
the maximum effective gust velocity  (reference 1) In  the  investi- 
gation o f  relations betweon gust and other  meteorologhal variables 
f o r  these data, It has been the practice, for lack of be t t e r  infoma- 
t ion,  t o  w e  the  maximum effective gust velocity  encountered on a 
flight as a measure of the t rue maximum gust velocity for the cloud 
ewveyed. Inasmuch aa this measure would appear t o  be dependent upon 
the completeness in t i m e  and space of the cloud survey, questions of 
sampling adequacy have arisen. In addftion,  questions have arisen 
concerning the validity of comparing these data with data ob ained 
frem other similar irmestfgatiorm. 

Recent data obtained from the Thunderstom Project at  Orlando, Fla. 
have provided an apportunity f o r  ovalua.tfng the eamgling errors i n  
the use of the obaerved value of the Illaxinm effective gust velocity 
obtained from llmited samples of data ae a measure of the maximum f o r  
the cloud. An investigation was undertaken i n  &ZI effor t  t o  measure 



In  an effor t  to obtafn a masum of the variations of maJrimwn 
effective wt velocity with smple size,  t h e m  ?Lata wore a s s m d  
to ' g i v e  complete cloud coverage and a efrnple radLom eanpl3.q procednre 
TJSS utilized t o  ' ob t ab  moaauremnts of the rmxir;.,un effective m a t  
vaimi ty  for sasrples of v a r l o w  sizes. . C o q a r i s o n  or the maxinun 
effective gust velocit ies obtained i n  t h l 4  manner provides an 
emplrical ma8we of .the accuracy of samples of variouer sizes. 

. 
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indlsrldual f l J & t s  f o r  each sample s i ze .  The extent of these 
variations  provides a measure of the  consistency of tho aanple  lralues 
of [%I mX* Analyais of these date. indicates that the uae of the 
r e h t i o i  of figure 1 would yield values of mafc that ~ m ,  on the 

average, in  error by +25 percent f o r  the sample eize of 10 mi les  and 
*lo percent  for  the sample size of @ miles. It would f;hc;xfo;-e 
appear that estimates of the maximum effective gust velocity  for 
EL given .cloud based on the maximums observed i n  samples of the 
present extent can be dxpectod, on the  average, t o  be i n  error by a 
considerable amount. Furthemore, the amount of average error 
appeers t o  be a function of the  size of the sample, decreasing  with 
increasing sample size.  

1 1  

Althou&h h d i v i d m l  blom-up estimates of IUeI- may be in  
error by a considerable amount, these errors m y  be conaidered  largely 
andom anti estimates of average.valuea of 

number  of flights? say 20 o r  more, are judged t o  bo highly reliable.  
The 67- and 95-percent  confidence bands for the average efficiency 
ratios baaed on 28 r-61 fl ighte ,  which number of fli&ts corresponde 
t o  the  extent of the XC-35 airplane  flight  investigations  (reference 3), 
ere shown in   f igure 1. For flights of average record d3 stance of 
30 &loa,  the 95-percent  confidence limits indicate a spread of about 
k6  percent, atout the .  mean v a l u ~  of 79 percent. It is also noted Jn 
figure 1 that the width of the confidencb band increasea as the record 
distanco  decreases. A t  a record dis-t;ence of 10 miles, the width of the 
95;percent conf'id.ence basd is greater  than 16 percent md increaaes 
rapidly  with decreaBing record  distance. It i s  therefore   fe l t  tha t  
samples below 10 record miles would generalQ yield poor resul ts .  I n  
addition,  ,the  width of the  confidence interval  w i l l  generally 
decrease wfth larger number of record flights'as the confidence 
interyal  is invei-sely re la ted   to   the  square root of the nuniber  of 

.. , 

IUe1 for a lare 

. flights 

As the XC-37 f l i gh t s  were  made under the same general operating 
conditions as tho  I?-61 flights, the results of  the  present enalysis 

' would appear applicable. Table I give8 a aumm~bq of the  operating 
conditions f o r  the XC-35 flights. The mador differences between the 
two sets of f l fghte  were tho nizmber and tspes of airplanes used. 
While the XC-35 airplane made .successive  traverses through the cloud . 
at  different  altftudea,  the  five P-61 airplanes made a more 
extemive cloud survey br making simltaxeous cloud t raverses   a t  
5000-foot intervals   in ,a   ver t ical   sect ion of. the cloud. A s  a resul t ,  
the XC-35 investigatione  yielded an average record  dlstance of 27 miles 
per   f l ight  as compared with 176 record ratlea per f l i gh t  for the 
P-61 investigation, 



On .the basis of the.assWption that the  operating condftians 
of these two se%s of flights were 'e'ssenkiially sfmilar, the results 
of the  present amlgs ie  were ep$Lied t o  the XC-35 data. The relat ion 
of figure 1 was used t o  obtain the efficfency ratios and the blown-up 
values of f o r  each X-35 flight. Table III glves a summary 

of the observed values of 

and blown-up or  computed values of lUe I f o r  each of 28 selected 

XC-35 flights. Theae fUghts represent a l l  the flights through 
strong  convective cloud8 for which more than 10 record miles of data 
were available. T%e values of Ve max obtained i n  t h i s  manner  are, 
on the average,  about 30 percent higher than those actually measured 
and average 26.4 feet per s e c d  aa conrpared to an average measured 
value of 21.9 f e e t  per second..  The u8e of the  %-percent confidence 
band of figure 1 at  a record distance of 27.4 mflm indicates that 
the average value of 
per eecond. of the actual wlue. 

I".! - 
P e l  Eax , record distance, efficiencg ratio, 

max 

I 9  max 
can be expectsd t o  be within 52. f e e t  

AB a mattor of interest ,   the  apglication of the present method 
Indicate8 that if  3s complete aurveys had been d e  i n  t h e   d c i n i t y  
of Langley Field, Va., as were made in Florida, the average maximum 
effective gust velocity would have been greater by &out 17 percent 
than the  average value of 24.3 feet per second obtained f o r  the 
Florida storms. 

1. The value of the na&ldmum effective  gust  velocity  ebtained- 
from sample surveys of cmulo-nimhm fliats f a ,  on the average, a 
function of the sample s i ze  o r  record di6trnCr3 of cloud survey. 
This re la t ion wozld appear of u8e i n  adjusting data from similar 
investigations for differences in record d€s"txmce, thereby miring, 
direct comparison proper, 

2. Ih8 accuracy of estizaaka of the maximum effective gust 
velocity  for a given cloud based on the m a x i m u a  velocity observed 
during a sumey flight is, on the avezage, a function of the record 



distance of cloud survey. Within t h e  e c o p  of the data preeenbd, 
e e t h m t e s  of the averaw ~s,xhum effectiw w t  velocity for a 
large nwiber of f l igh ta ,  say 20 o r  mre, appar hi- roliable . 
Langley &morial Aeronautical Laboratory 

National Adviaory Connnittee fo r  Aeronautics 
LangLe;~ Fie ld ,  Va. 
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TABLE I 

7 

SUXMAHY OF OPERATING CONDITIONS 

FOR XC-35 AND P-61 AIRPUNE THUNDERSTORH FLIGHTS 

Operating aonditionr P-bl 

Looallty of teat0 Orlando, Fla. 

lumber of airplanee 

Huber. o r  flight8 

Average number of traverres 
per flight 12.8 

~ _ _ _  

Average seao ld  tine per 
flight, minutes 

Average lndloated airepeed, 
59 

Average reoord dietanoe, 

1go mph 

Sfnultaneoue survey plan 

Time o r  d w  A? tepnoon 

Bummer 1946 Season and year 

176 miles 

~~ ~ 

a t o m  oloud 
eumreyr at 
5000-t00 t 
Inzervals rrom 
bo00 t o  26,000 
r e s t .  

m-35 

1 

25 

8.6 

12.2 

I35 

27 .rc 
Spring and aupuper 

1941, 1942 

Afternoon 

Bucaesrlve storm 
oloud survey8 at 
sltftudea up t o  
30,000 f e e t .  

NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTIGS 
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Fllght 

nunbcr 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
l2 
13 
1 4  
15 
16 
17 
16 
19 

21 
20 

22 
23 
24 
25 
26 
27 
26 
29 
30 

32 
31 

33 
34 
35 
36 
37 
36 

Lvevage 

StandaH 

ation 
devi- 

TABLE I1 

SUMMARY OF MAXIHUH EFFECTIVE OUST VELOCITIE2 rOR P-bl FLIGH?S 

AND VALUES OBTAINED BY W L E 8  OF 10, 20, 26, e, M D  96 RECORD NILES 

P&M 

20.7 

14.3 
21.0 

26.6 
25.5 
25.2 
26.4 

17.1 
31. b 

23.1 

31.0 
23.5 
26.3 
16.9 
20.6 
22.1 

23.4 

21.3 
24.7 

jd.2 

19.0 

24.8 

24.3 

24.2 
27.3 

35.5 
31- 5 
27.6 
17-5 
21.7 
20.3 
17.9 

20.1 
31.0 

21. b 
25.2 
19.7 x). 3 
24.30 

71 ‘ S-&les of indloated 
1c 

IUe!10 

(ma) 
16.3 
9.2 
6.4 

11.9 
25.5 
16.4 
15.0 
u . 3  
14.9 
11.9 
23.4 
19 -9 
11.6 
20.4 
14.0 
16.8 
21.1 
12.6 
24.7 

24.5 
14.2 
11.4 
15.6 
17.1 
29.5 
13.6 
8.7 

15.0 

13.4 
20.6 
10 .o 
b.0 

10.7 
11.5 
11.7 
20.1 
16.6 
12.2 

15- 79 

%ST=- 
oiency 
ratio - 
6- 767 
-49 
.567 
.416 
1.000 

.730 
a 5 2 8  - 579 
.g71 
515 

1.ooO 
.642 
-502 - 776 
.626 
.mu 
.9U6 
* 592 

1.OOO - 605 
.641 

.&a .564 

* 571 - 707 
.831 
.u36 

-766 
* 313 

.949 

.493 
-335 
,345 
* 572 
.5Q 
.79u 
.954 
“3 
- b59 

- 199 

20 
lUe120 

( m a )  

17.11 
15- 7 
12.6 
19.6 
14.0 
25.2 
15.4 
24. U 
17.1 
17.6 

15.2 
17.6 

19.7 
13- 3 
14.0 
19.8 
13.7 
u . 9  
1.3.8 
16.9 
22.4. 
19.0 
15.3 
27- 3 
24.2 
16.6 
29.2 
13.2 
15.2 
13.2 
15.3 
b.9 

19.3 
14.0 
20.5 
22.6 
11.1 
16.7 
1g.00 

I 

17.4 
13.4 
12.6 
28.3 
22.7 
16.3 

17.1 

28.4 
24. U 

19.6 
14.2 
26.6 
23.5 

16.9 
12.0 

16.6 
“7 
19- 3 
24.7 
u . 9  
29.3 
24.3 
15.3 
19.3 
15.7 
28.6 
17.0 
14. 8 
15.2 
15.0 
20.3 
11. u 
200.9 
16.2 
X). 2 
20.6 
19- 7 
20.7 
19.w 

- 

olenot 
ratio 

*iotsnui .. 

0.6% . b j d  
.a95 
.990 
.690 
.647 

1.000 
.7u5 
1.000 . ukl 

.&7 . SY 
1.OOO 

.456 
1.000 . s94 . g46 

-906 
1.OOO 

.762 

1.ooO 
.SO5 - 707 .w . do6 
.540 

.gbq 
-532 

.b91 
1.OOO 

659 
.674 . 606 

. s i7  

.935 

.767 

1.OOO 
.653 
.811 

.152 - 

( - 8 )  

20.7 
21.0 
12.5 
21.4 
22.7 
u . 9  
26.4 
21.1 
17.1 
23.1 
23.4 
22.2 
23.5 
16.5 
15.0 
M.0  
l6*2 
20.2 
24.7 
17.6 
26.3 
20.9 
11.2 
27.3 
Ib.8 
22.9 
14. 6 
19.3 
17.5 
21.7 
16.6 
17.9 

20.1 
20.2 
9 . 2  
19-7 
19.9 

19.1 

20.15 

* 
oienoJ 
ratio 

1.000 
1.000 
.a74 
.746 
.ago 
-7% 
1.ooO 

. 6 M  
1.OOO 
1.00 
1.ooO 

.716 
1.ooO 

.627 

.e68 

.665 
-733 
.SM 

1.OOO 
.716 
.74l 
.660 - 589 

1.000 

-6% 
-777 

. $70 . b94 
1.OOO 
1.OOO 

1.OOO 
,616 

1.000 
-935 

1.000 
1.OOO 

.b57 

.646 

.ala 

- 155 - 

L 96 
PO96 

( i p s )  

18.5 

26.3 
25.5 
25.2 
2U.4 
24.6 

19.6 
20.2 
26.6 

2L.C 
23.5 

15.0 
19.9 
21.1 
21.3 
24.7 
21 .o 
29.3 
20.9 

23.9 
19.0 

24.2 
32- 2 
14. 6 
15.1 
17.5 
21.5 
20.3 
l ?   - 9  
27.9 X). 1 
20.5 
22. b 
19.7 
19 -9 

21.0 
11. b 

17.1 

21.7 

. .  

%e 
ra t i0  
OiSnOT 

.a94 
1.000 

.a l l  
,990 

1.000 
1.000 
1 .om 

* 765 
1.000 
-848 . a63 
.sy 

1.000 . dl4 . 866 
-557 
,966 

1.000 
1.000 
.647 

.a60 
l.OW 

1.000 
-875 

.933 

.&70 
b5l 

1.000 
-991 
1.000 
1.000 .900 
1.c00 
.949 . 697 

L . Q W  - 657 
906 

. r67 

* lld 

. 
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? 

. Plight 

number 

5 
6 
7 
d 
9 
10 
11 
12 
13 
14 
15 
16 
16 
19 
20 
21 
23 
24 
25 
26 
27 
28 
29 
30 
31  
33 
34 
35 

Mean 

TABLE III 

OF MEASURED AND COMPUTED VALUE9 

lu4nax 
measured 

( i p s )  

16.2 
11.4 
26.2 
21.6 
16-0 
24.5 
34.0 
26.9 
22.0 
25- 7 
31.1 
15.9 
17 -9  
14.1 
23.4 
16.7 
13.3 
21.0 
16.6 
13.2 
25. I 
18. 4 
18.5 
16.0 
19.3 
34- 5 
37.6 

21.9 

26.0 

NATIONAL ADVISORY 

GOMhllTTEE FOR AERONAUTICS 
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